(19) 



J 



(12) 




(43) Date of publication: 

03.01.2001 Bulletin 2001/01 



Europaisches Patentamt ~ — 
European Patent Office 
Office europeen des brevets (^j EP 1 064 951 A2 

EUROPEAN PATENT APPLICATION 

(51) IntCI. 7 : A61K 47/48 



(21) Application number: 00113115.0 

(22) Date of filing: 28.06.2000 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MCNLPTSE 

Designated Extension States: 
ALLTLVMKRO SI 



(30) Priority: 



02.07.1999 US 142254 
23.08.1999 US 150225 
31.08.1999 US 151548 
17.11.1999 US 166151 



(71) Applicant: 

F. HOFFMANN-LA ROCHE AG 
4070 Basel (CH) 

(72) Inventor: 

Bailon, Pascal Sebastian 

Florham Park, New Jersey 07932 (US) 

(74) Representative: 

Witte, Hubert, Dr.etal 
124 Grenzacherstrasse 
4070 Basel (CH) 



(54) Erythropoietin derivatives 

(57) The present invention refers to conjugates of 
erythropoietin with polyethylene glycol) comprising an 
erythropoietin glycoprotein having at least one free 
amino group and having the in vivo biological activity of 
causing bone marrow cells to increase production of 
reticulocytes and red blood cells and selected from the 
group consisting of human erythropoietin and analogs 
thereof which have sequence of human erythropoietin 
modified by the addition of from 1 to 6 glycosylation 
sites or a rearrangement of at least one glycosylation 
site; said glycoprotein being covalently linked to "n" 
polyethylene glycol) groups of the formula 
— CO— (CH 2 ) x (OCH 2 CH 2 ) m — OR with the carbonyl of 
each polyethylene glycol) group forming an amide 
bond with one of said amino groups; wherein R is lower 
alkyl; x is 2 or 3; m is about 450 to about 900; n is from 
1 to 3; and n and m are chosen so that the molecular 
weight of the conjugate minus the erythropoietin glyco- 
protein is from 20 kilodaltons to 100 kilodaltons. 



CM 
< 

O) 
CO 

o 



LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



EP 1 064 951 A2 

Description 

BACKGROUND OF THE INVENTION 
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I0 °°\ J ,, El * hropoiesis is the Production of red blood cells, which occurs to offset cell destruction Erythropoiesis is 

ITZ 1? yS,0l ° 9iCa h l meChanfem that 6nableS SUfflCiem red blood cells 10 be availal » a propeSe oxygena 
ton. Naturally occurring human erythropoietin (hEPO) is produced in the kidney and is the humoral plasma fartoTZ 
simulates red blood cell production (Carnot, P and Deflandre. C (1906) C.R Acad. Sci STSfSSTS 

*T£™i NaZr KR ° ■SST 5: 372; JaCObSOn ' L °- G ° ldWaSSer ' E ' Freid " W LF ( 957) J tu 
179 6331-4). Naturally occumng EPO stimulates the division and differentiation of committed erythroid progenitors in 

Blood wOST 6XertS " S bi0 '° giCal 9CtiVity ^ bindi " 9 10 r6CePt0rS ° n erythr0id P-~ (KranS^ SJ) 

K a nH-rS ythr0P ° i f in b6en manufactured ^synthetically using recombinant DNA technology (Egrie JC 
S nckland.TW, Lane, J et al. (1 986) Immunobiol. 72: 21 3-224) and is the product of a cloned human EPO gene inserted 
nto and expressed in the ovarian tissue cells of the Chinese hamster (CHO cells). The primary struck To? the predom 

S,' 2L | he molecular « el 9 ht ° f the Polypeptide chain of EPO without the sugar moieties is 1 8,236 Da In the 
inta* EPC molecule, approx.mately 40% of the molecular weight are accounted for by the carbohydrate groups ^1 

20 Ch^^S). ^ 9 ' yC0Sylati0n ° n ^ Pr ° tein (SaSaki ' * BOthner ' B ' ° el " A and FukLt M L BiSl. 

Eh hi Be ' aUSe h hUman "Tfthropoietin is essential in red blood cell formation, the hormone is useful in the treatment 
o ™- T r Chara <*f Eed *y low ° r defecti ^ red blood cell production. Clinically, EPO is used in the Smen 

7B Esc3 Z C ^1, T^T te (CRF) (ESChDaCh ' JW ' Esri ' JC ' D0Wni "9. at a '- (^87) NEJM 316 73 
78, Eschbach, JW, Abdulhadi, MH, Browne, JK et al. (1989) Ann. Intern Med 111- 992- FnriP ir Fcnhho,! 1 

25 SiS i«z™^r Kidney r 33: 262 = Lim - * °« ^ D 9 :f a , E K c ^r M s 

Ga n ck 11 t and cancer patients undergoing chemotherapy (Danna, RR Rudnick, SA Abels, Rl In- MB 
n ,n™' Efythropo,etln ,n CI,nlcal Applications-An International Perspective. New York, NY: Marcel Dekker 199o : 
shoS olasma h 0 ^"' *? """El* ° f C — ciall V ™ a P-tein therapeutics such as EPCHs l^ted by their 
so ImS^^^ 

SUMMARY OF THE INVENTION 
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ELa JZ Z 7 erythro P° ietin said conjugate comprteing an erythropoietin glycopro- 

em havmg at least one free am.no group and having the in vivo biological activity of causing bone marrow ce5s to 

Lnd a^rl " f "FT*" and b ' 00d Ce " S and Se,eCted from the aroup consisting of £^!?Z££ 
and analogs thereof which have sequence of human erythrapoietin modified by the add^ 

Tol oirfrf 01 ° , 8t ,6aSt 9 ^ lation site : said glvooprotein being covalently linked , VpSt 
□2 mU ! -^^"^OC^CH^R with the -CO (i.e. carbonyl) of each SJSKe 

2?2 z z 1 ft :°3 nd a r one ; f said t° groups; wherein r is [omt ^ * * 2 * 

™* ,B , ' " ,S fr0m 1 ,0 3 ' and n and m are c "osen so that the molecular weight of the conjugate minus the 
ertf hropoietin glycoprotein is from 20 kilodartons to 100 kilodaltons. This invention further provides cTmpositions con 

rZerceT ***** ^ "** *" « ™> U9 * eS in ,he * w'chTltsi least 
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h™ t Par6 t J Unm ° dlf,ed EP ° ( ' e - EP ° wtthout a PEG attached ) and conventional PEG-EPO conjugates 
he present conjugates have an increased circulating half-life and plasma residence time decreased cteSncTS 
increase clinx*! activity in vivo. The conjugates of this invention have the same uses as EPO 1 

pCenlSr e n b '° n are USefU ' ^ Pa,i6ntS bV StimU ' atin9 the divfei0n and d ^rentiation SSS^SS 
progenitors in the bone marrow in the same way EPO is used to treat patients. eryinroia 

DETAILED DESCRIPTION OF THE INVENTION 

ESS r ™* inVePti0n Pr ° VideS Cor, j u 9 ates - conjugates comprising an erythropoietin glycoprotein havina at 
leas tone free ammo group and having the ,>, wvo biological activity of causing bone Zrr^ ceKc^Sion 

iSr 68 ^ d red ^°° d Cel ' S Se ' eded fTOm ^ 

which have sequence of human erythropoietin modified by the addition of from 1 to 6 g^cosylation sites or Sronqe 
mem of a least one glycosylate site; said glycoprotein being covalently linked to V ^polWethylene oZo)) of 
the formula -^OHCH^OCH.CH^R with the CO (i.e. carbonyl) of each ^X^J^JSSSl 
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IK rl*l b TT T* °? aid amin ° 9f0UpS; Wherein R iS ,0wer a,kv,: x is 2 or * m is from about 450 to about 
900, n is from to 3; and n and m are chosen so that the molecular weight of the conjugate minus the erythropoietin 
glycoprotein is from 20 kilodaltons to 1 00 kilodaltons. eryinropoietin 

H°~ ,hl haS f0U *l that C0 ^ U9ateS ° f thiS inVenti0n can be used in * e same m *nner ^ unmodified EPO 

dZn,l T m \° S ! nVent '° n haVS a " inCreased Circulatin9 half - |ife and P' asma «™. decreased 

deamnce and increased cl.n.cal activity in vivo. Because of these improved properties, the conjugates of this invention 
can be administered once weekly instead of the three times weekly for unmodified EPO. Decreased frequency o 
administration .s expected to resutt in improved patient compliance leading to improved treatment outcomes as weN as 
mproved patient qualfty of life. Compared to conventional conjugates of EPO linked to polyethylene gS) ^ Jbee^ 
found that conjugates having the molecular weight and linker structure of the conjugates of this inven on h^ve an 
improved potency, stability, AUC, circulating half-life, and cost of goods profile 

[0008] The conjugates in accordance of this invention can be administered in a therapeutically effective amount to 
EH L S9me T y fe administered - The therapeutics effective amount is thaf amount'of connate necel 
celte The e a rir nf'f aCtlV ^ 0,0aUsin 9 b ° ne ma ™ cells to increase production of reticulocytes and red food 
iTJfrl h t 1 ?T 9ate 15 3 matt6r ° f PreferenCe SUbj6Ct t0 such fact0 ' B 33 the **** type of condition 
Die O 9 S "TT? Patfent b6ing treated ' 38 We " 88 ,he 0ther in 9 redien * in the composition. For exam- 

S5& The^halfi? r 9ht ' P v erably °- 1 1 ° 1 W Pef k9 b ° dy Weight ' mav be administered e -3- °noe weekly. 
T . J h e pharmaceutical compositions containing the conjugate may be formulated at a strength effective for 

TTTTJ^T meanS ,0 3 hUman P3tient eXperienCin9 bl00d "rs characterized by lowTdeS'red 
blood cell production. Average therapeutically effective amounts of the conjugate may vary and in particular shoufd be 
based upon the recommendations and prescription of a qualified physician cuiarsnouia oe 

E a «,Ii, erythr ° P v ietin gl y coprotein P roducts P re P are <J in accordance with this invention may be prepared in 
£Z t f T rtab,e f ° r injeCti ° n With 3 P harmaceu tfcalV acceptable carrier or vehtele by methods 

Known in the art. For example, appropriate compositions have been described in WO97/09996 WO97/40fl<?n 

" ESSES "T"' ^ !*" ^ P h ~ tica » v iESKJJSS 
bllT? t , Tf" T" 1 a ' bUmin ' hUman Plasma proteins ' etc - The impounds of the present invention 
h, J n T sodium/ P° tassium P^ate buffer at pH 7 containing a tonicity agent, e.g. 132 mM 

o ™ a ^ a IV P ham1aceu,ica, com P° si t fo n ™ay contain a preservative. The pharmace utical compel 
ion may contain different amounts of erythropoietin, e.g. 1 0 - 1 000 (ig/ml, e.g. 50 ug or 400 ug 

ITio L. , ? > ! r an amm0 aC ' d Sequence subste ntially homologous thereto, whose biological properties 
erSlid^T " 1 1" °° d 0611 Pr ° dUCti0n and thC StimUlati ° n 0f the division and differentiation of commled 
Eirr?7 ?l ma,T0W - AS US6d h6rein ' th6Se termS inC,ude such P roteins deliberate!^ 
35 IZTn t Zr Tf 6d m T 96neSiS ° r a0Cid6ntal * throu 9 h mu,ations - ™«« terms also include analogs having 
In! h add,t,onalsrtes k for frt^tadon, analogs having at least one additional amino acid at the carboxy terminal 
end of the gfycoprotein. wherein the additional amino acid includes at least one glycosylate site, and analogs Z no 
an aminoacid sequence which includes a rearrangement of at least one srte for glycosylate.^^ 
natural and recombinantly produced human erythropoietin. 

[001 2] The erythropoietin conjugates of this invention can be represented by Formula 1 : 



w 



15 



20 



P-[NHCO-{CH 2 ) )r -(OCH 2 CH 2 ) nl -OR] n ()) 

wherein x, m n and R are as above. In Formula I, P is the residue of an erythropoietin glycoprotein described herein 
..e without the amino group or amino groups which form an amide linkage with the carbonyl shown in Formute I) hav- 
ing the in v,vo biological activity of causing bone marrow cells to increase production of raticulocyt JaTred bloTd 

indnl preferablyT^ emb ° dimem ° f the pr6Sent inVention R is met ^ Preferab 'y. ™ * from about 650 to about 750 

andnl 1 t^l™* rred , embodiment of * B P resent invention R is methyl, m is from about 650 to about 750, 
and n is 1 , i.e. the conjugate as defined above having the formula 

[CH 3 0(CH2CH 2 O) m CH 2 CH 2 CH 2 CO-NH] n -P 

wherein m Is from 650 to 750, n is 1 and P is as defined above. Preferably m has an average of about 680. 

S a „H , V ' ^ c °P rote,n of the conjugates as defined above is a human erythropoietin. Human erythro- 

e^h ITJJ ° 90US r° teinS °t d6flned 3b0Ve C3n bC eXpressed bv endogenous gene activation. Preferred hTman 
e^hropoietin glycoproteins are those of SEQ ID NO:1 and SEQ ID NO:2, most preferably those of SEQ ID NO-1 
[0016] Further, P may be selected from the group consisting of residues of human erythropoietin and analogs 
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ITfTo !T 9 !T 1 10 6 ! dditi0na ' Sit6S f ° r M™^™- As set out in detail below, the preparation and purification 
of EPO are well known in the art. By EPO is meant the natural or recombinant protein, preferably human as obtained 

teThZXoi 0 ^ S °, U £L SUCh f tissues ' P rotein s y nthesfe . ~ll culture with natural or recombinant cells. Any pro- 
tein having the activrty of EPO, such as muteins or otherwise modified proteins, is encompassed. Recombinant EPO 

al V eXPreSSi r " CH °-' BHK - ° r HeLa Ce " NneS - by reCOmbinant DNA ^logy « °y endogenous 
f Ex P;ess.on of pmteins, including EPO, by endogenous gene activation is well known in the art and b 

IT InlZ^oT^ of Pat6ntS N ° S - 5 ' 733 ' 761 ' 5 ' 641 ' 670 ' and 5 ' 733 ' 746 - and international patent publication 
I ch TJ T ■ W ° 94/12650 ' W ° 95/3156 °' W ° 90/1 1354 ' W0 91/06667 and W0 91^955, the contents of 
each of wh.ch are incorporated herein by reference. The preferred EPO species for the preparation of erythropo etin 
gVcoprotem products are human EPO species. More preferably, the EPO species is the human EPO S 
acd sequence set out ,n SEQ ID NO:1 or SEQ ID NO:2. more preferably the amino acid sequence SEQ ID NO 1 
™2i„„ emb0dimf f P ma r be the rcsidue of a glycoprotein analog having from 1 to 6 additional sites for gly- 
^ 8 ^ ° r m ° re oli 9° saccharide groups, occura at specffic locations along a 

polypeptide backbone and greatly affects the physical properties of the protein such as protein stability, secretion sub- 
to !5£ I ■ bi °J 09iCal aCtiVity - G *™W» is usual| V of two types. O-linked'oligosaccharSe^ Sched 
to serine or threonine residues and N-linked oligosaccharides are attached to asparagihe residues. One type of oil- 

EES? 00 ^ N " ,inked and °"' inked oli g° saccharid es is N-acetylneuramiL acid (sialic acid), which is a 
family of amino sugars contam.ng 9 or more carbon atoms. Sialic acid is usually the terminal residue on both N-linked 

HumS. 22 °" g0S t aCC K har ^ and ' b6CaUSe * b6arS 3 neSatiVe Char ^ confers acidic P^es to the glycoprotein 
Human erythropoietin, having 165 amino acids, contains three N-linked and one O-linked oligosaccharide chains which 

"uesl^ 

h TT S 24 ' 381 and 83 3nd °-' inked o'y^ylation occurs at a serine residue located at posrtion 126 

Jl t S 2? Tf : h T m ° dmed Wtth termina ' Sia ' iC add residues - Enz V matic re ™va. of all sialic acid residues 
from the glycosylated erythropoietin results in loss of in vivo activity but not in vitro actiVrty because sialylation of eryth- 
ropoietin prevents its binding, and subsequent clearance, by hepatic binding protein * 
ELin^ 9lycopro ' eins of the P resent inve ntion include analogs of human erythropoietin with one or more 
H I ELS 7T aC ' dSequence of human erythropoietin which result in an increase in the number of sites for 72 
T 6 ! i , SVcoprotein analogs may be generated by site-directed mutagenesis having additions dele- 
tions, or substitutions of ammo acid residues that increase oraltersites that are available for g^cosylation Glycoprotein 
analogs having tevete of sialic acid greater than those found in human erythropoietin are generated^ 2S 
sylation sites which do not perturb the secondary or tertiary conformation required for biological activity The glycopro- 
teins o he present invention also include analogs having increased levels of ^bo^S l^nZTa 

oS S H * ""^ inV °' Ve SUbStitUti ° n ° f ° ne ° r m ° re amlno acids in cl ° se S*i to a ™12 or 

■^nriST 0 '^ Pr6Sent inVenfon 8180 inClUd6 ana '° 9S haVing ° ne or more a " in ° acids extend- 
er JZ 2* Y f fminal ° f er V thro P oietin and Priding at least one additional carbohydrate site. The glyco- 

JSTIl?™ ' 7 T T ent, T a,S ° inC ' Ude anal09S having an amino acid seauence which includes a rearrangement 
h I Such a rearrangement of g^cosylation sfte involves the deletion of one or mora 

fnS Z k T an eiytnro P oietin and the additi °n of one or more non-natural^ occurring glycosylation sfteT 
Increasing the number of carbohydrate chains on erythropoietin, and therefore the number of sialic acids pe ery^h ^ 
poiefn molecules may confer advantageous properties such as increased solubility, greater resistance to proteolysis 
reduced immunogenecity, increased serum half-life, and increased biological acth^ IrythrepSn^JaJS^S: 
tiona. gVcosylation sites are disclosed in more detail in European Patent Appiication 640 619,^0 SiSS^^ 

22?i ■ I? 3 P t r f erred embodiment ' tne gVcoproteins of the present Invention comprise an amino acid sequence 
cue n£T T addm ° nal Site f ° r S'yooeylation such as. but not limited to. erythropoietins comprSng he 

sequence of human erythropoietin modified by a modification selected from the following: 

Asn^hr 32 ; 

Asn^Thr 53 , 
so Asn^Thr 59 ; 

Asn 68 ; 

Asn^hr 71 ; 

Ser^Asn^Thr 71 ; 

Val^Asn^Thr 90 ; 
55 Ser 87 Asn 88 Thr 9 °; 

Se^AsneeGly^Thr 9 "; 

Ser 87 Asn 88 Thr 9 °Thr 92 ; 

Ser 87 Asn 88 Thr 9 -'Ala 162 ; 
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Asn^r 71 Se^Asn^r 90 ; 

Asn^Thr^Val^Asn^Thf 90 ; 
Asn^lle^Thr 91 ; 
Ser^Asn^lle^Thr 91 ; 
Asn 136 Thr 138 ; 
Asn 138 Thr 140 ; 
Thr 125 ; and 
Pro 124 Thr 125 . 

[0020] The notation used herein for modification of amino acid sequence means that the position(s) of the corre- 
sponding unmodified protein (e.g. hEPO of SEQ ID NO:1 or SEQ ID NO:2) indicated by the superscripted numberfe) is 
changed to the ammo acid(s) that immediately precede the respective superscripted numbers). 
[0021 J The glycoprotein may also be an analog having at least one additional amino acid at the carboxy terminal 
end of the glycoprotein, wherein the additional amino acid includes at least one glycosylate site, i.e. the conjugate as 
defined above also refers to a compound wherein the glycoprotein has a sequence comprising the sequence of human 
erythropoietin and a second sequence at the carboxy terminus of the human erythropoietin sequence, wherein the sec- 
ond sequence contains at least one glycosylation site. The additional amino acid may comprise a peptide fragment 
derived from the carboxy terminal end of human chorionic gonadotropin. Preferably, the glycoprotein is an analog 
selected from the group consisting of (a) human erythropoietin having the amino acid sequence, Ser Ser Ser Ser Lys 
Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg Leu Pro Gly Pro Ser Asp Thr Pro lie Leu Pro Gin (SEQ ID N03) extend- 
ing from the carboxy terminus; (b) the analog in (a) further comprising Ser 87 Asn 88 Thr 9 " EPO; and (c) the anaioa in (a) 
further comprising Asn 3 ° Thr 32 VaFAsn 88 Thr 9 " EPO. 

[0022] The glycoprotein may also be an analog having an amino acid sequence which includes a rearrangement of 
at least one srte for glycosylation. The rearrangement may comprise a deletion of any of the N-linked carbohydrate sites 
in human erythropoietin and an addition of an N-linked carbohydrate site at position 88 of the amino acid sequence of 

^Sf l I^ h Z 0P M etl ^7 refe, 2, bly • *5 e 9 | y c °P rotein is an analog selected from the group consisting of Gin 24 Ser 87 Asn 88 
Thr 9 * EPO; Gin 38 Set 67 Asn 88 Thr 9 " EPO; and Gin 83 Ser 87 Asn 88 Thr 9 " EPO. 

[0023] As used herein, "lower alky!" means a linear or branched alkyl group having from one to six carton atoms 
Examples of lower alkyl groups include methyl, ethyl and isopropyl. In accordance with this Invention, R is any lower 
30 alkyl. Conjugates in which R is methyl are preferred. 

[0024] The symbol W represents the number of ethylene oxide residues (OCH 2 CH 2 ) in the polyethylene oxide) 
group. A single PEG subunit of ethylene oxide has a molecular weight of about 44 daftons. Thus, the molecular weight 
of the conjugate (excluding the molecular weight of the EPO) depends on the number "m". In the conjugates of this 
invention "m" is from about 450 to about 900 (corresponding to a molecular weight of about 20 kDa to about 40 kDa) 
preferably from about 650 to about 750 (corresponding to a molecular weight of about 30 kDa). The number m is 
selected such that the resulting conjugate of this invention has a physiological activity comparable to unmodified EPO 
which activity may represent the same as, more than, or a fraction of the corresponding activity of unmodified EPO A 
molecular weight of "about" a certain number means that it is within a reasonable range of that number as determined 
by conventional analytical techniques. The number "m" is selected so that the molecular weight of each polyethylene 
glycol) group covalently linked to the erythropoietin glycoprotein is from about 20kDa to about 40kDa, and is preferably 
about 30kDa. r ' 

[0025] In the conjugates of this invention, the number "n is the number of polyethylene glycol groups covalently 
bound to free amino groups (including e-amino groups of a lysine amino acid and/or the amino-terminal amino group) 
of an erythropoietin protein via amide linkage(s). A conjugate of this invention may have one, two, or three PEG groups 
per molecule of EPO. "n" is an integer ranging from 1 to 3, preferably "n" is 1 or 2, and more preferably "n" is 1 
[0026] The compound of Formula I can be prepared from the known polymeric material: 



15 



20 



25 



35 



40 



50 



R0(CH 2 CH 2 O) m (CH 2 )^OON--A 

0 J-^y do 

in which R and m are as described above, by condensing the compound of Formula II with the erythropoietin glycopro- 
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lr n nT P ° Un t S D T U,a " in Which X is 3 are a 'P^-lower alkoxy, butyric acid succinimidyl esters of polyethylene 
glycoO ( ower alkoxy-PEG-SBA). Compounds of Formula II in which x is 2 are alpha-lower alkoxy proZfc adcf sue 
c,n,m,dy esters of polyethylene glyco.) (lower alkoxy-PEG-SPA). Any convention, method 712? an Sated 
ester wfth an amine to form an amide can be utilized. In the reaction described above, the exemplified succinimSS 

5 LIT 9 ^ T amide ' 0miati0n - Th6 USe ° f Succinimid " estere such - the compound^ foTJatto 
produce conjugates with proterns are disclosed in U.S. Patent No. 5,672,662, issued September 30, 1997^' eX 

[0027] Human EPO contains nine free amino groups, the amino-terminal amino group plus the e-amino arouos of 

» is zi^i^tt wa . scombined with a sba compound ° f ^ "»^KE2 

^Jt i!^? ' 9 reaCt ' 0n tem P erature of from 20 -25°C. a mixture of mono-, di-, and trace 

a Znl L tt \ e t ,n - pe a" ated fP ecies were P^duced. When the pegylation reagent was a SPA compound of FormuS l" 

pegged EPO can TSS T T***? '* 1 * ^^'^ ^pe/es is produced ¥h 

nZSJ c. p adm 7 stered 38 a mixture - ° r a * the cation exchange chromatography separated dffferent 

» EE? By , m rr ,atin9 the reacaon conditions (e -9- rati ° ° f ph. *niJ2; pESS^ZJ 

S L C )> re ' atiVe am ° UntS ° f the different P e 9V |ated s P«*es be varied 

£J2L« erythr0poietin < EP0 > is a human glycoprotein which stimulates the formation of erythrocytes Its 

preparation and therapeutic application are described in detail for example in US Patent Nos JsSST.S 

Or'UfSf ° 6 ° 5, HUan9 ' S " U ^ Nati - ACad - Sci - USA ( 1984 > 2708^2712 EP B 0 205 5W EP To £ 
ctemle^fg 7IV2S9 SS SJ? RK 6t Bi0L Ch6m - 261 (1986) 31 16 - 3121 

M So Erythropoietm or therapeutic uses maybe produced by recombinant means EP-B 

0029? Lthn^wl 9 ' J - C '' StnCkland ' ™> Lane . « a '- 0988) Immunobiol. 72: 213-224). 
E WO ? 6Xp ~ and Preparati ° n ° f er y thro P° ieti " "« aa rum free medium are described for exam- 

P J- f • BUrg PUb " Shed 14 Novemba r 1996, and in European Patent Publication No 513 738 to KoTh 

published 12 June !992. In addition to the publications mentioned above it is known CTS^e^££^ 

E >-A 2? M IKolr J Up trr'J 0 ^ * 1 * aL ' Anal * iCal Bi0Chem - 130 (1983) 445-453, 

m a trn h er ? ^ C ° nneCtt0n the 961 fiftrati0n ch ^atography step can be raplced by ion elchange ct.ro 

=e'~™ 

■oriavs^o^h^Th 0 ' °- COnjU9at6S in aCC ° rdanCe Wrth this invention «• ba by var- 

mono-PEG conjugates of erythropoietin glycoproteins are desirable because they tend to have htoher S vt'than? 
[M35] ^<»"J«9««an a eompo s r«».rttl»p^l^ 0 „ a ,, e ^^ u ^ ulfcr ^ pwterl(((ii|>a| 
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caments for the treatment or prophylaxis of diseases correlated with anemia in chronic renal failure patients (CRF), 
AIDS and for the treatment of cancer patients undergoing chemotherapy. 

[0036] An additional embodiment of the present invention refers to a method for the prophylactic and/or therapeutic 
treatment of disorders involving anemia in chronic renal failure patients (CRF), AIDS and cancer patients undergoing 
chemotherapy comprising the step of administering to a patient a composition as described above. 
[0037] Further, the invention relates to a process for the preparation of compounds as described above which proc- 
ess comprising condensing the compound of Formula II 



with a erythropoietin glycoprotein and in which R, m and x are as defined above. 

[0038] The invention refers also to compounds as defined above for the treatment of diseases which are associated 
with anemia in chronic renal failure patients (CRF), AIDS and cancer patients undergoing chemotherapy. 
[0039] The invention will be better understood by reference to the following examples which illustrate but do not limit 
the invention described herein. 

EXAMPLES 

EXAMPLE 1: Fermentation And Purification Of Human EPO 

a) Inoculum Preparation and Fermentation 

[0040] One vial of the Working Cell Bank, originating from an EPO-producing CHO cell line (ATCC CRL8695 dis- 
closed in EP 41 1 678 (Genetics Institute) can be used) is taken from the gas phase of the liquid nitrogen storage tank. 
The cells are transferred into glass spinner flasks and cultivated in a hydrogen carbonate-buffered medium in a humid- 
ified C0 2 incubator. Typical serum free media used for the inocolum preparation and fermentation are disclosed in 
European Patent Application 513 738, to Koch published 1 2 June 1 992, or WO 96/3571 8, to Burg published 1 4 Novem- 
ber 1 996, for example contain as medium DMEM/F12 (e.g. JRH Biosciences/Hazleton Biologies, Denver, US, order No. 
57-736) and additionally sodium hydrogencarbonate, L+glutamine, D+glucose, recombinant insulin, sodium selenite 
diaminobutane, hydrocortisone, iron(ll) sulfate, asparagine, aspartic acid, serine and a stabilizer for mammalian cells 
such as e.g. polyvinyl alcohol, methyl cellulose, polydextran, polyethylene glycol, Pluronic F68, plasma expander poly- 
gelin (HEM ACCEL®) or polyvinyl pyrrolidone (WO 96/3571 8). 

[0041] The cultures are microscopically checked for the absence of contaminating microorganisms, and the cell 
densities are determined. These tests are performed at each splitting step. 

[0042] After the initial growth period, the cell culture is diluted with fresh medium to the starting cell density and 
undergoes another growth cycle. This procedure is repeated until a culture volume of approximately 2 I per glass spin- 
ner flask has been obtained. After approx. 1 2 doublings 1 to 5 liter of this culture is available which then is used as inoc- 
ulum for the 10 I inoculum fermenter. 

[0043] After 3 - 5 days, the culture in the 10 I fermenter can be used as inoculum for the 100 I inoculum fermenter. 
[0044] After additional 3 - 5 days of cultivation, the culture in the 1 00 I fermenter can be used as inoculum for the 
1000 I production fermenter. 

b) Harvesting and Cell Separation 

[0045] A batch refeed process is used, i.e. when the desired cell density is reached, approx. 80 % of the culture is 
harvested. The remaining culture is replenished with fresh culture medium and cultivated until the next harvest. One 
production run consists of a maximum of 1 0 subsequent harvests: 9 partial harvests and 1 overall harvest at the end of 
fermentation. Harvesting takes place every 3 - 4 days. 

[0046] The determined harvest volume is transferred into a cooled vessel. The cells are removed by centrifugation 
or filtration and discarded. The EPO containing supernatant of the centrifugation step is in-line filtered and collected in 
a second cooled vessel. Each harvest is processed separately during purification. 

[0047] A typical process for the purification of EPO-protein is disclosed in WO 96/35718, to Burg published 14 
November 1 996. The purification process is explained in the following. 
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a) Blue Sepharose Chromatography 



[0048] Blue Sepharose (Pharmacia) consists of Sepharose beads to the surface of which the Cibacron blue dye is 
covalently bound. Since EPO binds more strongly to Blue Sepharose than most non-proteinaceous contaminants, 
some proteinaceous impurities and PVA, EPO can be enriched in this step. The elution of the Blue Sepharose column 
is performed by increasing the salt concentration as well as the pH. 

[0049] The column is filled with 80 - 1 00 I of Blue Sepharose, regenerated with NaOH and equilibrated with equili- 
bration buffer (sodium/ calcium chloride and sodium acetate). The acidified and filtered fermenter supernatant is 
loaded. After completion of the loading, the column is washed first with a buffer similar to the equilibration buffer con- 
taining a higher sodium chloride concentration and consecutively with a Tris-base buffer. The product is eluted with a 
Tris-base buffer and collected in a single fraction in accordance with the master elution profile. 

b) Butyl Toyopearl Chromatography 

[0050] The Butyl Toyopearl 650 C (Toso Haas) is a polystyrene based matrix to which aliphatic butyl-residues are 
covalently coupled. Since EPO binds more strongly to this gel than most of the impurities and PVA, it has to be eluted 
with a buffer containing isopropanol. 

[0051] The column is packed with 30 - 40 I of Butyl Toyopearl 650 C, regenerated with NaOH, washed with a Tris- 
base buffer and equilibrated with a Tris-base buffer containing isopropanol. 

[0052] The Blue Sepharose eluate is adjusted to the concentration of isopropanol in the column equilibration buffer 
and loaded onto the column. Then the column is washed with equilibration buffer with increased isopropanol concen- 
tration. The product is eluted with elution buffer (Tris-base buffer with high isopropanol content) and collected in a single 
fraction in accordance with the master elution profile. 

c) Hydroxyapatite Ultrogel Chromatography 

[0053] The Hydroxyapatite Ultrogel (Biosepra) consists of hydroxyapatite which is incorporated in an agarose 
matrix to improve the mechanical properties. EPO has a low affinity to hydroxyapatite and can therefore be eluted at 
lower phosphate concentrations than protein impurities. 

[0054] The column is filled with 30 - 40 I of Hydroxyapatite Ultrogel and regenerated with a potassium phosphate/ 
calcium chloride buffer and NaOH followed by a Tris-base buffer. Then it is equilibrated with a Tris-base buffer contain- 
ing a low amount of isopropanol and sodium chloride. 

[0055] The EPO containing eluate of the Butyl Toyopearl chromatography is loaded onto the column. Subsequently 
the column is washed with equilibration buffer and a Tris-base buffer without isopropanol and sodium chloride. The 
product is eluted with a Tris-base buffer containing a low concentration of potassium phosphate and collected in a single 
fraction in accordance with the master elution profile. 



d) Reversed Phase HPLC on Vydac C4 



[0056] The RP-H PLC material Vydac C4 (Vydac)consists of silica gel particles, the surfaces of which carry C4-alkyl 
chains. The separation of EPO from the proteinaceous impurities is based on differences in the strength of hydrophobic 
interactions. Elution is performed with an acetonitrile gradient in diluted trifluoroacetic acid. 

[0057] Preparative HPLC is performed using a stainless steel column (filled with 2.8 to 3.2 liter of Vydac C4 sili- 
cagel). The Hydroxyapatite Ultrogel eluate is acidified by adding trifluoro-acetic acid and loaded onto the Vydac C4 col- 
umn. For washing and elution an acetonitrile gradient in diluted trifluoroacetic acid is used. Fractions are collected and 
immediately neutralized with phosphate buffer. The EPO fractions which are within the IPC limits are pooled. 

e) DEAE Sepharose Chromatography 

[0058] The DEAE Sepharose (Pharmacia) material consists of diethylaminoethyl (DEAE) - groups which are cova- 
lently bound to the surface of Sepharose beads. The binding of EPO to the DEAE groups is mediated by ionic interac- 
tions. Acetonitrile and trifluoroacetic acid pass through the column without being retained. After these substances have 
been washed off, trace impurities are removed by washing the column with acetate buffer at a low pH. Then the column 
is washed with neutral phosphate buffer and EPO is eluted with a buffer with increased ionic strength. 
[0059] The column is packed with DEAE Sepharose fast flow. The column volume is adjusted to assure an EPO 
load in the range of 3 - 1 0 mg EPO/ml gel. The column is washed with water and equilibration buffer (sodium/ potassium 
phosphate). The pooled fractions of the HPLC eluate are loaded and the column is washed with equilibration buffer. 
Then the column is washed with washing buffer (sodium acetate buffer) followed by washing with equilibration buffer. 
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Subsequently, EPO is eluted from the column with elution buffer (sodium chloride, sodium/ potassium phosphate) and 
collected in a single fraction in accordance with the master elution profile. 

[0060] The eluate of the DEAE Sepharose column is adjusted to the specified conductivity. The resulting drug sub- 
stance is sterile filtered into Teflon bottles and stored at —70 °C. 

EXAMPLE 2: Pegylation of EPO with mPEG-SBA 

[0061] EPO purified in accordance with the serum free procedure of Example 1 (EPOsf) was homogeneous as 
determined by analytical methods and showed the typical isoform pattern consisting of 8 isoforms. It had a specific bio- 
logical activity of 1 90,000 lU/mg as determined by the normocythaemic mouse assay. The pegylation reagent used was 
a methoxy-PEG-SBA, which is a compound of Formula II in which R is methyl; x is 3; and m is from 650 to 750 (average 
about 680, corresponding to an average molecular weight of about 30 kDa). 

Pegylation Reaction 

[0062] To one hundred milligrams of EPOsf (9.71 ml of a 10.3 mg/ml EPOsf stock, 5.48 nmol) 1 0 ml of 0 1 M potas- 
sium phosphate buffer, pH, 7.5 containing 506 mg of 30kDa methoxy-PEG-SBA (1 6.5 >i mol) (obtained from Shearwater 
Polymers, Inc., Huntsville, Alabama) was added and mixed for 2h at room temperature (20-23 °C). The final protein con- 
centration was 5 mg/ml and the protein:PEG reagent ratio was 1 :3. After two hours, the reaction was stopped by adjust- 
ing the pH to 4.5 with glacial acetic acid and stored at -^20°C, until ready for purification. 

Purification 

[0063] 

1. Conjugate Mixture: Approximately 28 ml of SP-SEPHAROSE FF (sulfo-propyl cation exchange resin) was 
packed into an AM ICON glass column (2.2 x 7.5 cm) and equilibrated with 20 mM acetate buffer pH, 4.5 at a flow- 
rate of1 50 ml/h. Six milliliters of the reaction mixture containing 30 mg protein was diluted 5-fold with the equilibra- 
tion buffer and applied onto the column. Unadsorbed materials were washed away with the buffer and the adsorbed 
PEG conjugate mixture was eluted from the column with 0.175 M NaCI in the equilibration buffer. Unmodified 
EPOsf still remaining on the column was eluted with 750 mM NaCI. Column was re equilibrated in the starting buffer 
Samples were analyzed by SDS-PAGE and their degree of pegylation were determined. It was found that the 
0.1 75M NaCI eluate contained, mono- as well as di- and trace amounts of the tri-pegylated species, whereas the 
750 mM NaCI eluate contained unmodified EPOsf. 

2. Di-PEG and Mono-PEG-EPOsf: The purified conjugate mixture eluted from the column in the previous step was 
diluted 4-fold with the buffer and reapplied onto the column and washed as described. Di-PEG-EPOsf and mono- 
PEG-EPOsf were separately eluted from the column with 0. 1 M NaCI and 0.175 M NaCI, respectively. Elution was 
also performed with 750mM NaCI to elute any remaining unmodified EPOsf. 

Alternatively, the reaction mixture was diluted 5-fold with the acetate buffer and applied onto the SP-Sepharose 
column (-0.5 mg protein/ml gel). Column was washed and adsorbed mono-PEG-EPOsf,di-PEG-EPOsf and 
unmodified EPOsf were eluted as described in the previous section. 



Results 



[0064] PEG-EPOsf was synthesized by chemically conjugating a linear PEG molecule with a number average 
molecular weight of 30 kDa. PEG-EPOsf was derived from the reaction between the primary amino groups of EPOsf 
and the succinimidyl ester derivative of a 30 kDa PEG-butyric acid, resulting in an amide bond. 
[0065] Results are summarized in Tablel . Purified conjugate mixture comprised of mono-and di-PEG-EPOsf and 
was free of unmodified EPOsf as determined by SDS-PAGE analysis. Conjugate mixture accounted for 23.4 mg or 78% 
of the starting material. Cation exchange chromatographic separation of mono- and di-PEG-EPOsf indicated that 
mono-to di-PEG ratio in the conjugate mixture was almost 1:1. After completion of the reaction, ratio of the individual 
components of Mono: Di: Unmodified were 40: 38: 20 (%). Overall yield was almost quantitative 
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Summary of results of EPOsf pecula- 
tion 


Sample 


Protein (mg) 


Yield (%) 


Rxn. Mix. 


30 


100 


Mono- 


12.0 


40 


Di- 


11.4 


38 


Unmod. 


6.0 


20 


Conju. Mix. 


23.4 


78 
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EXAMPLE 3: Pegylation of EPO with mPEG-SPA 

[0066] A different aliquot of the EPOsf used in Example 2 was reacted with 30 KDa methoxy-PEG-SPA (Shearwater 
Polymers, Inc., Huntsville. Alabama). Reaction was performed at a proteimreagent ratio of V.2 and purifcaSTS 
mques were in accordance with Example 2. Primarily the mono-pegylated species was produced. 

EXAMPLE 4: In-vivo activity of pegylated EPO determined by the normocythaemic mouse assay 

IS™? 6 " 0mo ^ th f em i c mouse bioassa V is kno^ in the art (Pharm. Europa Spec. Issue Erythropoietin BRP 

PBS NoS Zk£T£ 7? m T 9 T" ° f er y thr °P° ietin of Ph ' ^r. BRP. The samples were diluted wtth BSA- 

PPn * ' ; W6ekS 0,d ' W6re administered s c - °-2 ml of the EPO-fraction containing unpegylated 

Z J, %' t«TZ P * 9 Z T " EP ° fr ° m EXamP ' e 2 ° r a ° Ver 3 period of 6 da V s ' blood ™ d ™n by puncture of 
the tail vem and d.luted such that 1 m of blood was present in 1 ml of an 0.15 jimol acridine orange staining solution 

lr Til ,T 3 1' ° minUteS - retiCU '° Cyte C ° UntS Were Carried out microfluorometrically in a flow c^om 
Jo oon T ? ""°L eSCenCe hiSt09ram - The retiCU ' 0cyte counts were *™ in ter ™ °f Solute figureT(per 
onl'y once ^ PreSented ' eaCh 9r ° UP C ° nsiSted ° f 5 mice per da * and the mice wera °< ad 

[0068] In separate experiments, a single dose of unmodified EPO (25 ng of EPO), the PEG(SBA)-EPO mixture 

show o T 7 \ 3 00 n9 ° f C ° niUgate) ' and bUffer solution were a °™nistered to mice. The resute are 

shown , in Table 2 The results show the superior activity and the prolonged half life of the pegylated EPO species IndT 
cated by the signrficantly increased amounts of reticulocytes and the shift of the reticulocytes^unt maxim Zl 
same dose per mouse (1 0 ng), compared to a dose of 25 ng for unmodified EPO 9 
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EPO (Unmodi- 
fied) 


30 kDa SPA 
PEG 


Mono 30K SBA 


DL30KSBA 


PEG-EPO SBA 
Conjugate Mix- 
ture 


Control Buffer 
















72h 


1000 


1393 


1411 


994 


1328 


857 


96h 


500 


1406 


1501 


926 


1338 


697 


120h 


-200 


1100 


1182 


791 


944 


701 


144h 


~0 


535 


607 


665 


660 


708 
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EXAMPLE 5: Preparation of Predominantly mono-PEG-EPO 
Pegylation Reaction 

[0069] Starting with 100 mg (5.48 pmol) of EPOsf in 100 mM potassium phosphate buffer pH 7 5 prepared in 

1 ' there h W3S ! dded 329 m9 (1 °- 96 »™0 0f 30 kDa PEG " SBA -9ent dis'solvedfn 3mTmM 

final protein concentration was 5 mg/ml and the protein : PEG reagent ratio was 1 :2. The reaction mixture was mixed 

ticacid a nd ,r nt r Perat ri 2 . 0 ; 22 ° C) - ^ reaCU ° n * ad i US «"9 «» P H *» 4.5^th g"e 
tic acid and stored frozen at -20°C until ready for purification. 

Purification 

f°°Jnn , c T D he o re f ti0n miXtUre fr ° m the previous was dilu,ed 1 :5 with 1 0 mM sodium acetate, pH 4.5 and applied 
to 300 ml SP-Sepharose FF (sulfopropyl cation exchange resin) packed into a 4.2 x 19 cm column The column was 

P r^TTT ed T 7 ^ Same bUffer C ° IUmn efflUemS W6re m0nft0red at 280 nm wi th a Gilson W mtrtorlnd 
to™T PP 8 . reC ° rder The C0 ' Umn WSS Washed wrth 300 ml ° r 1 bed v °'"me of equilibration buffer 
to remove excess reagents, reaction byproducts and oligomeric PEG-EPO. It was followed by washing with 2 bed vol 
umes of 100 mM NaCI to remove di-PEG-EPO. Mono-PEG-EPO was then eluted wrth 200 mM fS During elutio of 

SIS »' ZT< ° m ' ° f Pr ° tein P8ak WaS diSCard6d andthe — PEG-EPO was J£ZTX£ 
ml fraction Unmodified EPOsf remaining on the column was eluted with 750 mM NaCI. All elution buffers were made 
in the equilibration buffer. All eluted samples were analyzed by SDS-PAGE and by high performance Size Exclusion 
Chromatography SEC). The mono-PEG-EPO pool obtained from the 150 ml fraction. whicn had noTSSto^S 

ate 100 mM NaCI ^H^T * Vf " 2 U ° *• ^ buffer ' 10 mM P*—-" pho - 

♦! =« !i ' PH 7 ' 5 ' Concent ration/Diafiltration was performed with Millipore Labscale™ TFF System fitted 

Ts ^hT h f iC ° n XL Bi ° maX 50 membrane at ambiem tem P erature - Concentmted mono" PeS-EPO 

was sterile filtered and stored frozen at - 20°C. 

n 00 ! 1 ) f K ^PP roxinlate| y 75% of EPOsf ««s pegylated. After purification, total yield was -30% mono-PEG-EPO with 
no de ectable unmodified EPOsf and around 25% di-PEG-EPO. Oligomers, and unpegy.ated EPOsf accounted TorTe 
remaining protein. The mono-PEG-EPO pool obtained from the 150 ml fraction contained approximately 90% mono 
PEG-EPO and approximately 1 0% di-PEG-EPO. 



11 



EP 1 064 951 A2 



SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: 

(A) NAME: F.Hoffmann-La Roche AG 

(B) STREET: 124 Grenzacherstrasse 

(C) CITY: Basle 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP): CH-4070 

(G) TELEPHONE: (61) 688 11 11 

(H) TELEFAX: (61) 688 13 95 

(I) TELEX: 962 292 hlr ch 

(ii) TITLE OF INVENTION: Erythropoietin Conjugates 
(iii) NUMBER OF SEQUENCES: 3 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: WORD 

(D) SOFTWARE: Patentln Release 2.0 



<170> Patentln Ver. 2.0 

<210> 1 

<211> 165 

<212> PRT 

<213> Homo sapiens 

<400> 1 

Ala Pro Pro Arg Leu lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu 
5 10 15 

Leu Glu Ala Lys Glu Ala Glu Asn lie Thr Thr Gly Cys Ala Glu His 
20 25 3 0 

Cys Ser Leu Asn Glu Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe 
■« 40 45 

Tyr Ala Trp Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val Trp 
DU 55 go 

Gin Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu 
65 70 75 ao 

Leu Val Asn Ser Ser Gin Pro Trp Glu Pro Leu Gin Leu His Val Asd 
85 90 95 K 

Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu 
100 105 no 

Gly Ala Gin Lys Glu Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala 
113 120 125 

Pro Leu Arg Thr lie Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val 



140 



Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala 
150 155 
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Cys Arg Thr Gly Asp 
165 



<210> 2 
<211> 166 
<212> PRT 

<213> Homo sapiens 



<400> 2 

Ala Pro Pro Arg Leu lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu 
15 10 15 

Leu Glu Ala Lys Glu Ala Glu Asn He Thr Thr Gly Cys Ala Glu His 
75 20 25 30 

Cys Ser Leu Asn Glu Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe 
35 40 45 

Tyr Ala Trp Lys Arg Met Glu Val Gly Gin Gin Ala Val Glu Val Trp 
20 50 55 60 

Gin Gly Leu Ala Leu Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu 
65 70 75 80 



Leu Val Asn Ser Ser Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp 
85 90 95 

Lys Ala Val Ser Gly Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu 
100 " 105 110 

30 Gly Ala Gin Lys Glu Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala 

115 120 125 

Pro Leu Arg Thr He Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val 
130 135 140 



Tyr Ser Asn Phe Leu Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala' 
145 150 155 160 

Cys Arg Thr Gly Asp Arg 
165 



<210> 3 
<211> 28 
<212> PRT 

<213> Homo sapiens 
<400> 3 

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg 
15 10 15 

6 

Leu Pro Gly Pro Ser Asp Thr Pro He Leu Pro Gin 
20 25 
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Claims 



1. A conjugate, said conjugate comprising an erythropoietin glycoprotein having at least one free amino group and 
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having the in vivo biological activity of causing bone marrow cells to increase production of reticulocytes and red 
blood cells and selected from the group consisting of human erythropoietin and analogs thereof which have 
sequence of human erythropoietin modified by the addition of from 1 to 6 glycosylation sites or a rearrangement of 
at least one glycosylation site; said glycoprotein being covalently linked to B n" polyethylene glycol) groups of the 
formula 

— CO — (CH 2 )x — (OCH2CH2) m — OR 

with the -CO of each poly( ethylene glycol) group forming an amide bond with one of said amino groups; wherein 

R is lower alkyl; 
x is 2 or 3; 

m is from about 450 to about 900; 
n is from 1 to 3; and 

n and m are chosen so that the molecular weight of the conjugate minus the erythropoietin glycoprotein is from 
20 kilodaltons to 1 00 kilodattons. 



2. The conjugate of claim 1 , of the formula: 

20 P-fNHCO-(CH 2 ) x -(OCH 2 CH 2 ) m -^R] n (l) 

wherein x, m, n and R are as defined in claim 1, and P is the residue of the glycoprotein without the n amino 
group(s) which form amide linkage(s) with the polyethylene glycol) group(s). 

25 3. The conjugate of any preceding claim, wherein R is methyl. 

4. The conjugate of any preceding claim, wherein m is from about 650 to about 750. 

5. The conjugate of any preceding claim, wherein n is 1 . 

30 

6. The conjugate of any preceding claim, wherein R is methyl; m is from about 650 to about 750; and n is 1 . 

7. The conjugate of any preceding claim having the formula 

35 [CH30(CH 2 CH 2 0) m CH 2 CH 2 CH 2 CO-NH] n -P 
wherein m is from 650 to 750, n is 1 and P is as defined in claim 1. 

8. The conjugate of any preceding claim, wherein the glycoprotein is a human erythropoietin. 
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9. The conjugate according to any of claims 1 to 7, wherein the human erythropoietin glycoprotein is expressed by 
endogenous gene activation. 

10. The conjugate according to any of claims 1 to 9, wherein the glycoprotein has the sequence SEQ ID NO:1 . 

11. The conjugate according to any of claims 1 to 8, wherein the glycoprotein has the sequence of human erythropoi- 
etin modified by the addition of from 1 to 6 glycosylation sites. 

12. The conjugate according to any of claims 1 to 1 1 , wherein the glycoprotein has the sequence of human erythropoi- 
so etin modified by a modification selected from the group consisting of: 

Asn^hr 32 ; 
Asn^Thr 53 ; 
Asn^Thr 59 ; 
55 Asn 69 ; 

Asn^hr 71 ; 

Ser^Asn^Thr 71 ; 

Val^Asn^hr 90 ; 
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Ser^Asn^hr 9 "; 
Ser^Asn^Gly^hr 30 ; 

Ser^Asn^Thr^Ala 162 ; 
* Asn 69 Thr 71 Ser 87 Asn a8 Thr 9 °; 

Asn^h^Val^Asn^hr 90 ; 

Asn^lle 90 ™^ 1 ; 

Ser 87 Asn 89 lle 9 Thr 91 ; 

Asn 136 Thr 138 ; 
10 Asn 138 Thr 140 ; 

Thr 125 ; and 

Pro 124 Thr 125 . 



75 



20 



13 " Ip h n l Z jU9 fh aCCOrdm l t0 ^ ° f C ' aimS 1 t0 12 ' Wherein the ^coprotein has a sequence comprising the 
sequence of human erythropoietin and a second sequence at the carboxy terminus of the human erythropoietin 
sequence, wherein the second sequence contains at least one glycosylation site. 

14. The conjugate of claim 13, wherein the second sequences comprises a sequence derived from the carboxy termi- 
nal sequence of human chorionic gonadotropin. 

15. The conjugate of claim 13, wherein the glycoprotein has a sequence selected from the group consisting of: 

(a) the sequence of human erythropoietin and the sequence SEQ ID NO:3 at the carboxy terminus of the 
human erythropoietin sequence; 
25 (b) the sequence in (a) modified by Ser 87 Asn 88 Thr 30 ; and 

(c) the sequence in (a) modified by Asn 30 Thr 32 Val 87 Asn 88 Thr 90 . 

16 ' 2SK BMnB t0 ° f C ' aimS 1 t0 ? ' Wh6rein the has the sequence of human erythropoi- 

etin modified by a rearrangement of at least one glycosylation site. 

30 

17 ' I h h,!T jlJ9at l 0f Clair T. 1 6 ' Wherei " the rearran 9 ement «mpri888 deletion of any of the N-linked glycosylation sites 
LnShZiT ° P ° 3 additi ° n °' an N "" nked ^ os ^ site at PosMon 88 of the sequence of human 



X ESSS! °l f^l 7, Wherein the 9lyc °P rotein has the se ^ence of human erythropoietin modified by a mod- 
ification selected from the group consisting of: ' 

Gin 24 Ser 87 Asn 88 Thr 90 ; 
Gin 38 Ser 37 Asn 88 Thr 90 ; and 
«> Gin 83 Ser 87 Asn 88 Thr 90 . 

19 " t~Z°T °" COmprising C0 W9*es, each of said conjugates comprising an erythropoietin glycoprotein having at 
2o of I a : ,n ° 9r0U P and havi "9 the "iologica. activity of causing bone marrow cells to increase pro 

f^ZlT^Tll bl ° 0d C6l,S and SeleCt6d fr ° m the 9r0U P consisti "9 ° f nu ™ erythropoietin and 
analogs thereof which have sequence of human erythropoietin modified by the addrtion of from 1 to 6 glycosylation 

SSd^-S-h r ° f f T 9 ^ COSylati0n site: the fl^coproteln in each said conjugate being covalently 
linked to n polyethylene glycol) groups of the formula ^0-<CH 2 ) x -(OCH 2 CH 2 ) m -OR with the -CO of each 
poV(ethylene glycol) group forming an amide bond with one of said am?no grolps there in^ach of SdlnTu 
gates R ,s lower alkyl; x is 2 or 3; m is from about 450 to about 900; n is from 1 to 3; n and m are chosen so that 
he molecular we.ght of each conjugate minus the erythropoietin glycoprotein is from 20 kilodaitons to" 0 k" ^ 
tons, the percentage of conjugates where n is 1 is at least ninety percent. 
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21 " Sew 0 perc 0 e n nf * ^ ™ * 2 ° the ° f COnju9ates where n is 1 is at leas » 
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22. The composition of claim 21 wherein the percentage of conjugates where n is 1 is at least ninety-six percent. 
23 ' 27T P illt C ' aim 19 " 20 Wh6rein Percentege ° f C ° njUgateS where n is 1 is *«" "<n«y percent to 

5 

» 3 r njU9at ! ° r 8 com P° sition accordi "9 to any of claims 1 to 23 for the preparation of medicaments for th e 

>o reagent or prophylaxis of diseases correlated with anemia in chronic renal failure pa iente SrfTZS^S 
the treatment of cancer patients undergoing chemotherapy. P (CRF) ' A ' DS a " d f ° r 

26 ' Xr?CRR h X S P l a f and/0r t the 7 eutic of disorders involving anemia in chronic renal failure 

- ssscs T 2 r erm the -> ° f ™° * a 

20 

0 

RO(CH 2 CH 2 O)JCH 2 ) x C0ON-'A 

O^*^ (") 



with a erythropoietin glycoprotein and in which R, m and x are as defined in any of claims 1 to 6. 
30 28. Compounds according to any of claims 1 to 3, whenever prepared by the process of claim 27. 
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